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PREFACE

The work described in this report was authorized and funded by Environmental Technology
Division, Demil/Disposal Branch, under the title, “Explosive Containment System. Method for Agent
Identification, Decontamination and Certification, C$11.01.0507.” The work was begun in May 1980
and completed in September 1980.

Reproduction of this document in whole or in part is prohibited except with permission
of the Commander, Chemical Systems Laboratory, ATTN: DRXTH-ES, Aberdeen Proving Ground,
. Maryland 21010. However, the Defense Technical Information Center is authorized to reproduce the
document for United States Government purposes. '
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DECONTAMINATION AND DISPOSAL METHODS FOR CHEMICAL
AGENTS — A LITERATURE SURVEY

I. INTRODUCTION

A request was made for a review of liquid methods applicable to disposal of certain agents
by US Army Toxic and Hazardous Materials Agency (USATHAMA). This information was to be
utilized in the selection of systems for decontamination/disposal in an “explosive containment system”
(ECS). As presented to us, the suspected agents are contained in ordnance with a charge of explosives.
The concept is to detonate the ordnance with added explosives in an ECS without down loading the
agent or bugster charges. The concept is primarily intended for liquid-filled rounds including gases that
are liquid under pressure. Some solid-filled rounds may also be amenable for disposal by this method.
Liquid and solid fills will be differentiated by X-ray technique. Specifically excluded are high explosive
(HE)-filled rounds. After the explosion in the ECS, the explosion “products” may be decontaminated
by either a liquid reaction or by being fed into an incinerator, with the selected option depending on
logisticai and engineering parameters and trade-offs. This paper supplies technical information toward
evaluating the chemical requirements of a liquid decontamination option.

In the liquid decontamination option, the contents of the ECS would be decontaminated
with liquid reactants to ncutralize the residual intact agent(s) present. The resulting decontaminated
brines could be then placed into drums und transported to an cxisiing demilitarization facility for
final disposal,

No glycolates aro involved. Suspected fills include GB, GD, VX, H, HD, L, GA, HN, (G,
PS, AC, CK, and BBC. . :

After a discussion of the general problem area, it was proposed that & complete and detailed
review be accomplished, which could prove a valuable reference in other decontamination/disposal
oporations. '

The subject of decontamination can prove to be a challonging area because of the chomical
bivadth of the matenial, the vadety of sitwacons 1o which it s applied, and the detaited sophistication
reuired to draw satisfactory conclusions for reduvtion of chiomical data to actual field or enginoring
praciice. For example, skin decontamination, field decontamingtion of syuipment and matesdel, snd
decontamination for disposal opesations have uniquely different oriteria for selection of a satisfuctory
system. ’

The cheive of decontaminants for disposid opesations voant be based upon some of the following
requirements: ‘

()  High seagont capacity,

(b Wolldefined products of known toxicity.
() Thermal moderation (euse of contrel).
{d) “Reasonable” sate.

{¢) Low flanunability for safety in handling.




(f) Economy.

(g) Special corrosion problems.

(h) Vapor or skin toxicity.

(i) Ease of incineration.

() Nature of incineration products.

Actual selection of a decontaminant cannot be made until a choice is made of the relative
importance of the various criteria.

Other criteria may arise in special instances. The base-line data for selection, which have
involved chemical studies, include information related to (a), (b), (c), (d), (g), (i), and (j). One will
infrequently encounter all of the necessary information, but certain information is usuaily available
for systems that have been studied, allowing a preliminary judgment to be made. The following appear
to be minimally necessary:

(a) Detcrmination of heat of reaction or ad hoc demonstration of thermal control of the
reaction system to be utilized (see table A-l, appendix).

(t) Determination of kinetic rate constants or ad_hoc domonstration of completeness of
reaction within a suitable time frame (sec table A-2, appendix).

(¢) Demonstration of roaction products and stoichiometry or sufficient assessment to
clisminate criticality of provedure when the system is applied (see tables A2 and A-3, uppuadix).

(d) Ability to calculate gravimetric factors for active ingredients at least as a worst-cuse
assesssnent (seo table A-2). -

(2) Ability to caloulate, reliably, o mintnal capacity factor in volume of decentandnant por
gram of ogont or weight of decontaminant per gram of agent (seo table A-2).

{) Anslytical proceduse for wosidual agsad.

Thereiore, in nspect to the specldl problams confronting disposal, we have aftempied Yo
assemble these eritival clemonts for disposul systeis Insofar a8 i8 possible. We ase providing fundamental
chemistey, a8 well as chemBiry of those systems ihat have been insdeguatoly explored, to ensuse
that sofliciently sophistivated viewpoints become availablo to sationalize deconiximinant choive or to
be able to explome promising altermatives not yet in use, Also, we hope that the deficienclos of some
of the systems egn become evidend by a bref description of available, but incomplete, imformation.
The following listd= provides chamival nomenclature and symbols for the agonts under consideration:

{GA, Tabun) othyl dimethylphosphorantidocyanidate

{GB, Sann) isopropy! muthylphosphonafiuonidate




(GD, Soman) pinacolyl methylphosphonofluoridate

(VX) O-ethyl S<(2-diisopropylamincethyl) methylphosphonothioate
(H, HD, mustard) 2,2"-dichloroethyl sulfide |
(HN-1, nitrogen mustard) bis(2-chloroethyl)ethylamine
(HN-2) bis(2-chloroethyl)methylamine

(HN-3) tris(2-chlorcethyl)amine

(L, lewisite) 2-chlorovinyldichloroarsine

(CG) phosgene

{AC) hydrocyanic acid

{CK) cyanogen chloride

(PS) chloropicrin

((BBC, CA) 2-bromobenzyl cyanide

The decontamination of each of these agonts will bo discussed, in turn, with specific veforcnce
to:

{a) Physical propertios that are of inportancs in decontamination, i.¢,, water solubility and
bolling point.

(by Ciitenia for salection sclated to;
- {1) Resction cquations.
{2) Kinetics.
(3) Hewt evolution.
{(4) Biffsctivenass.

(¢} Analytical methods for detormination of vesidual agont in decontamination solutions
with respect to.

(1) Sonsitivity lovel,
(2) Reliability.

{3) Euse of application.




In addition, a discussion will be given on whether there is a “best choice” decontaminant
recommended for unknown fills or whether incineration might be the only option. Tables A-1, A-2,
and A-3 also provide comparisons and summaries of some of the developed information.

2. THE DECONTAMINATION OF VARIOUS AGENTS

2.1 Ethyl dimethylphosphoramidocyanidate (GA).

2.1.1  Selected physical properties. Ethyl dimethylphosphoramidocyanidate, which is misgible with
water, has a boiling point of 237°C.3

2.1.2 Decontamination. Destruction of the agent is most easily accomplished by hydrolysis in
aqueous sedium hydroxide.

0 0
I [
(H3C);N-F~CN + 2NaOH —»- (H3C);N-P-ONa + NaCN + HyO

The pseudo-first-order rate constant for hydrolysis of GA has been reported as being 0.02 min‘l at pH 9.5
and 25°C# whercas, the heat of reaction was given as -10.1 kc.»:\l/mOle.S The hydrolysis of GA in
seawater has ulse been studied.8” Tho hydrolysis in water procoeds by two independent paths, deponding
upon the pH of the water.” At lower valugs, dimethylamine is produced; wheroas, at higher pH,
cyanide ton is liberated. In seawater, the latter route is favored. The following data wese obtained at
vapious tomperatures.

Table 1, Half Life of GA in Seawater &t Thee Tomderdtures

T@zm;éraiuw Iy
"’Lw = B i
15 $75

0 7

35 175

The destruction of toxic cvanide ion from hydrolyzed GA &8 reedily acconplished by
oxidation with hypochlosite i basic solution, as dustsibed bolow in the section on hydrosyanis acid,

* Hpsteln, 3., Rosenblatt, . H, Gallaclo, A, and McToague, W, F. Draft Report to Commanding Geaeral, US Amy
Munitions Command, ATTN: AMSMUMS-CH, Dover, New Jersey, Subject: Chombed! Disposal Operations. Suinmary
Report uin 2 Data Base for Predicting Consequenses of Chewicad Dispossl Operations. 2 October 1972,
UNCLASSINED Repost.




2.13 Analysis.

Methods for the analysis of trace amounts of agents in decontaminztion solutions usually
involve a preliminary extraction of the agent into an organic solvent such as chloroform or hexane.
This is necessary because the large excess of salts present will often interfere in the analytical method
used. No study has been reported on the recovery of trace amounts of GA from aqueous sodium
hydroxide, but it is likely that the compound can be ertracted by chloroform, as has been reported
for the water miscible GB.3:9 Once the GA has been extracted, there are a number of methods
available for its assay. Two sensitive colorimetric procedures for the determination of organophosphates,
such as GA, are the Schonemann reaction with o-dianisidine and peroxide10 and the diisonitrosoacetone
reaction!! with sensitivities of the order of 0.2 ug/ml in the final solutions. A fluorimetric technique
" using indole,12 with sensitivity comparable to that of the colorimetric techniques, has been reported.
Even more sensitive are enzymatic methods!3 involving acetylcholinesterase and colorimetric,

ﬂuorimetn‘c,”_or electrometric measurements, but these are subject to a considerable number of
interferences.} 3

Many of the interferences in the above procedures can be removed prior to analysis of
the agent by gas-liquid chromatographic (GLC) or thundayer chromatographic (TLC) methads. The

GLC procedure is the one customarily used for the sssay of agents in organic extracts of decontatmination
solutions. A variety of columns is available for this purpose.

Separation prior to analysis is also possible with TLC techniques. The Ry values and
semi~quantitative measurements have been made for a number of G agents using the well-known
perborate-dianisidine or cholinesterase-indoxyl acctate sprays. As an alternative, the spot has been
scraped off the plaie and analyzed in a tost tube, using standard colorimetric or fluordmetsic methods.

22 Isopropyl methylphosphonofiveridate (GB).

221

[T

Selected physical properties.  Isopropyl miethylphosphonofiuoridate is completely miscible
with wator and boils at 151°C43

222 Detemaination.

The most widely used meothod for the destiuction of GB involves trcatment with aqueous
sodium hydioxide; i.e.,1047°

1 i

:i3c—-i‘>—;r + INGOH > Hi3C ~P— ONa + Nal' + H30
0 0
E.‘!‘i(CﬂB')g ‘ &*I(CH:;)?.

The second-arder reaction vate i 3¢ m” sec! and the heat of reaction is ~44.4 kealfmole.10 With
5% aqueous sodium hydroxide, the half life is <0.8 sec. If the maction mixture contains aluminum

* Kokalas, 3. 3., Sommer, H. Z,, and Porter, G. Quarteily Progress Repont. Reseach Plan No. 3397, Operation Red
Hat. Defense Reseutch Branch. 16 Mawh 1973, UNCLASSIFIED Repost.

3




metal (such as from a munition), then 10% aqueous sodium carbonate is recommended, to avoid
hydrogen evolution, with a first-order rate constant of 0.08 sec’], a ty; of 8.45 seconds, and a destruction
efficiency of >99.9999%. The heat of the reaction (AH) for the carbonate process (10% sodium
carbonate) has been estimated to be =22 kcal/mole.8 This was shown to give a “safe” temperature
rise of 2.58°C for an adiabatic process using 300% =sxcess reagent (1 pound of GB per 7 gallons of
10% sodium carbonate).

0
I

GB + 2Na,CO3 + H'Zo-—bCH‘?.'-KI’—ONa + NaF + 2NaHCO;
0C3Hq

Thermal tests have been conducied directly on M55 rocket warheads for the reaction of GB
with sodium carbonate.* In these tests, the decontaminant was constantly flushed and agitated during
the operation. Acceptable temperature rises were obtained even in the intimate presence of reacting
cxplosives and reagents. The temperature rise was monitored by thermocouples at several locations.
From an initial 74°F to 99°F, the highest temperatuse rise, 21°F (12°Cj, was at or near the decon-
taminant inflow. These tesis were conducted under evaluation of the lohaston Island plan for disposal
operations (table A-1).

Several other coviews exist which include further chomistry of GB.18-22 The reactions are,
in zeneral, not sufficiently studied o dovelop full ¢riteria for their usefulness in disposal processes. The
most notable reagent that has veceived attention is the hypochlorite ion (presont in various forwms of
bleach). It possesses 2 second-order rate coofficient for reastion with CB that is very large (10 M7} sec”!
at 23°C). Although “‘catalytic” in action, much of the advantage of “catalysis” is lost by the need to
use lssge amounts of buffer or ueutlizing bases if a Jurge capacity is to be achieved. Fe- the livdrolytic
hypochlonite vaction with GBS the phosphonie acid anion and fuoride andon are produced as
iﬂdi@ﬂi&‘;d in the previous equation. Reactions of GB with DS-2** and CD-It (or ADP) are vigorous and
rapid. =« '

The problom relaied o salt disposals From GB neutsalizatton reactions with vavious strong
buses is now wall known 2128 The spray-drying operation wesults in the trace “segoneration™ of GB
and the weed for special provedures o provent amission of GB into the atmosphere. For this reaction,
it wight be Jdesirable 1o produce 2 nonuqueous combustivle produet from the neutralization Mage
which would allow Sitest combustion without spray diviug. This approach has not becn lested, Bady
in the program for disposal of the war gas identification sets, the decision was made to avold inosganic
salts because of noreased disposal problems caused by thuir presence. Consequently, wionosthanolamine
was widely employed as a decontaminant. However, this seagent has not been evaluated against GB, nor
has the combustion of the products been studied, to assess the possibility of emission of GB reformed
dunse that cambustion process. The weaction has been investigated, 58 however, in conutclion with use
of monotthanokinine as a scrubber substanve, '

* Kokalat, J. 3., Sommer, M. Z., and Porter, G. Quarterly Frogress Repost. Rescatch Plan No. 3397, Opcation Red
hat. Defense Research Branch. 16 March 1973, UNCLASSIFIED Report.
¥ DS is 2% sodiun hydroxide, 28% 2-mathoxyethanal, and 70% diethyleastriamine, all by weight,
1 CH-1 is 2.5% Hihium hydsoxide hydsate, 55% 2-aminoethansl, 2id 45% Jhydroxy4propylaming, the latter two by
valume, '
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Decomposition rates for GB in soil and in seawater®:26 have also been reported. The half
life in seawater is about 8 hours at 25°C; whereas, for reservoir water,27 the values at 25°C are
237 hours at pH 6.5, 75 houss at pH 7.0, 24 hours at pH 7.5, and 7.5 hours at pH 8.0. For soil, the values
are 2.5 to 25 hours at 15°C depending upon moisture content.® Wet sail could possibly afford s
moderated, useful, slow decontaminant for GB.

2.23 Analysis. Various reports have appeared on the analysis of GB residues in aqueous sodium
hydroxide or sodium catbonate.8:9:25.28,29 Ag mentioned under the analysis of GA, extraction of the
brines with an organic solvent, such as chloroform, was followed by a wet chemical method of
analysis!9-15 or by a GLC procedure.8:9,25,28,29¢

23 Pinacolyl methylphosphonofluoridate (GD). -

2.3.1 Selected physical properties. Pinacolyl methylphosphonofluoridate is appreciably less soluble
in water than is GB and the boiling point is 167°C.3

2.3.2 Decontamination.,

As with the other G agents, reaction with sodium hydroxide is considered to bs the best
methad for use with munition fills. However, the lower aqueous solubility of GD as comparzd to GA
and GB necessitates the uvse of a mixed aqueous-organic solvent if the decontamination is not to be
unduly prolonged in a hetorogencous system. Because of its higher fash point, 2-methoxyethanot30 is
recompuended for this purpose over methanol or ethano! and hae beon reported for decontamination
in a mixture containing 70 parts (w/w) of the omganic solvent with 30 parts {w/w) of 50% aqueous
sodium hydroxide.

O O
ol . It :
H;Cw !;* ¥ NGO woete :i;,t’: - l; - ONa + NaF + Hgf)
O~ CH(C}% )C{CH:; ) 3 Q -'Cii((:ii:; )C(CH3)3

. “The reaction sate &5 ee&iaparabte to that for GB, with 2 wported complete destruction witlia
5 winutes n excess $% aqueous sodium hydroxide? The feat of reaction should be compapable to
that given for GB (~4.4 kealfirnie), us the same leaving group is invalved (table A-1).

233 Analysis.  Proveduns for GD ase similar to these described for the other organophesphates;
¢.g., extraciion from ihg b‘:ing._\ followsd by gas liquid chromatography or a colosimetsic or fluorinwotsic
analyiical mothod,3-19.20.28,29

24 -Fithyl S{E»Qiiisn_p:g);)‘glasxri}lg>etin_§'i} ‘methiyiphosphonothioate (VX).

241 Setected physicl properties.  The solubility of O-othyl S« 2-diisopropylaminoethyl) methyl-
phosphoiothicate in water is 3 g/ 100 gin at 25°C and the boiling point of VX is 298°¢. 33

¥ Rokatay, 3. . Quastedy Progress Repm, Research Pan No. 3397, Operation Red Hat, Defeuse Research Branch.
22 June 1973,
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24.2 Decontamination.

Three decontamination systems have been used for bulk amounts of VX; aqueous calcium
hypochlorite (HTH) slurry, acid chlorinalysis, and aqueous sodium hydroxide, Each system has its
advantages and disadvantages.

The hypochlorite slurry method has the following stoichiometry:*

¥ I

H3C-l:-SCH2CH2N(iC3H7)2 + 900" + TOH" == HyC~P-0" +
0CoHs OC,Hs

HN(iC3Hy)y + 804~ + 2C05™ + 9CI™ + SH,0

It should be noted that the stoichiometry written for this reaction is an assumed one, which
is based on partial and fragmentary evidence. The estimate for the heat of reaction also appears to
have many uncerfainties.*® However, the calculated heat o reaction (from bond energies, etc.) of -
685 keal/mole agreed closely with an experimental value of 675 ¢ 13 keal/male.t This may be a
fortuitous result. In view of some of the product comploxitics observed in 2 similar lype of reaction
with H (sulfur mustard, to be described later), this decontamination can only be vecommended
cautiously should a high degree of certainty in products and thermochemistry be required. The quoted
tist-ordes rate constant is not well defined. It is known that the reaction accurs in stepwise fushion,
and the sequential stoichiometry is not known. Clearly, additional wosk should be performed befoe
utilization of this reuction in a disposal process.

The expenmendally dotermined first-order sate constant is approximately 0.01 sead, Usiug
the value for the heat of reaction of appsoximately 70D kealfmole, the hoat xse equation s
- 0 = moles of VX (275)
T(0) = gaiicms oF 10% BTk (Epstein, 3., 23 May 1973, see foetnoto). Although the veaction is

theoretically a rapid one, in actudity it occuss more slowly than predicted because of Uie hieterogeneous
nature of the systen. 1t was consldered for the demilitarization of VX in a disposyd praject at Teoele
Army Depot, 38 but it was found to bo less offective than was acid chlovinolysis because of the possibility
of incomplete reavtion if the pil valuc falls bolow H1. To aveld this, a large excess of hypocllonile was
required. Destruction of VX wis.then found to be betier than 99.9999%.

* Epstetn, 1., Bdgewood Anicsal. Biipotition Form to Chief, DernilfDispesal Office. Heat of Regction of VX with
Alkaline Blesch Solution. 23 May §973. UNCLASSIFIED Disposition Form,
** Pistritte, J. V. Private comnunication. Mr. Pistritto estimated that (he calorimetsic systam ulilizad ks inscourscles
of the onder of 10%, even under optiniad conditions, due to heat fosses 10 the surroundings.

t Kokalss, 3, . Quarterly Progress Repoet. Research Plan No. 3397, Operation Red Hat. Dc&asc Research Boach.
22 Jume 1973, UNCLASSIFIED Report.

14




A second system involves acid chlorinolysis of VX; i.e.,3’1

0 O

i ‘ i
H3C-f!’-SCH2CH.3N(iC3H7)2 + 3Cly + 4Hy0 --»ch-l')—OH +

OCyHg OC,Hj

CH CH;NGC3Hy)y + 6HC
SO3H

As neat VX may bumn en contact with chlorine gas, the VX was first dissolved in 1.5 N hydrochlori¢
acid. 'The chlorination was highly exothermic and rapid [half life (iy) is 1.2 minutes at pH 41,32 it
required cooling, and it was found to be 99.999999% efficient. A major Lmitation of the method is
the high corrosiveness of the mixture to metals, such as those that are »resent in the ECS.

The third decontaminant for VX is sodium hydroxide, either in 2n aqueous or in an
organic-aquecus medium; i.e.,

O o
| ! .
H C—LSCH CHyN(3H7)y + 2NaOH ==e H;C—P~-ONa + NaSCH,CH,N(iCqliyjy + H-D
3 2V 3N 3 2Ny /2 .

The half life of VX at pH 14 is 1.3 minutes; but, because of its low solubility in water, the reaction
requires a considerably longer time unless an organic solvent such as 2-methoxyethanol is included.
Using 10% aqueous hydroxide, Monsanto33 reported the destruction of bulk amounts of VX in

6 to 8 hours at ambier temperature, with air stirring.

Similar studies were reported by the Navy.3% A ioiai of 12-% gallons of VX was decon-
taminated using 150 galions of 10% aqueous sodium hydroxide (air agitated) in three stages (50-gallon
addition, cach stage). The solubility of VX was incomplete, initially. The last two stages employed
heated sodium hydroxide solutions. The tiry jor the “complote” decontamination was 6 to 8 houss.
The solubilization problemn indicates that this method of decontamination will be unreliable unless the
mixing process is very edequately controlled. It must also be noted that, if the reacting VX containg
the “bis impurity”35 (), t:e action of base will generate the refractory substance (ly, WM e wus 1t
undesgo further hydroly".35 This substance is highly toxic and by itself would not pass Department
of Transportation standzrds for iransport to a disposal site; however, the amount of bis in VX would
normally be less thaid 16%.
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in addition, results reported by Southern Research Insiitute:‘22 indicate that similar caution

- must be applied to the toxicity of products from VX-hypochlorite reactions. In these studies, it was

shovwa that DS-2 or CD-1 decontamination of VX yielded products with toxicities that were muci
lower than those achieved by the hypochlorite method. Even after 30 to 60 minutes of decontamination
time, the latter niixtures remained highly toxic.

Ad hoc thermociemical (thermal profiles)* studies have been conducted for MS5 warheads
and M23 land mines coataining VX which were allowsd to react with circulated mixtures of 100 pounds
of HTH in 120 gallons of water. These tests demonstrated adequate control of the temperature rise of
this reaction under the specific set of conditions utilized.

The subjects of hydrolysis of VX in seawater and decomposition of VX in soil have also
been reviewed.6 In the former case, the hydrolysis of the “bis analog” (I) would give rise to the toxic
refractory produci (II) aforementioned. Hydrolysis in seawater would require up to 400 years to reduce
VX toxicity to 1/1000 of its initial value. In soil, VX would undergo approximately 95% decomnosition
in 10 days with temperature, organic matter content, and perhaps inoisture content being contributing
factors.

Under current investigation®* is the detoxification of VX using sodium dichloroisocyanurate
(“Fichlox™) for disposal purposes. The reaction is preferably cartied out at pH 6 or lower. Products
are variable, and definite kinetics cannot bs established because of the sequential nature of the reactions.
A precipitate of isocyanuric acid is produced as a result of reaction. Detergents are found to be
ineffective in promoting solubilization of VX in the solution in order to speed up its destruction. The
reaction bears simiiarities to the roaction of agucous bleach with VX, but the reagent is less comusive
than bicach.

Gf ithe three aforementioned methods, ono would tentatively recommend the calcium hypochlosite
siurry procedure for the ECS provided that a suitable analytical method were developed {(see below),
The acid chlorinolysis is too corrosive and the sodium hydroxide reaction is nonhomegensous and
relatively slow. Lack of a sufficiont data buse precludes cousideration of sodium dichlorolsooyanusats.

24.3 - Analysis,

A vardety of seusitive mothods has been devoloped for the estimation of trace amounts of VX.
Howevor, a considerable number of problosas hiave been oncounterad in thelr applivation {o decontamination
solutions because of the prosence of numerous byproducts.i In the procedue involving acid elﬁorinalysisf”
the solution wes made basic to pH 10 and wag exiracted with diciloromethano. The VX in the extract
was dotermined fluorimetreally using indole (sonsiiivity, 30 ug/l of brine), enzymatically, after TLC

Kokdas, J. 3. Cuartory Progross Report, Rescurch Pan No. 3397, Oporation Red Hat, Dofonse Research Branch,
22 Jumo 1973,
*2 Hovanes, J. W., Davis, G. T., and Epateln, J. Chiomicsl Systoms Laboratery, Unpublished roslis, 1978,
¥ Wagnor, P, Blgowood Arsenal. Demil Progress Repoit, Cmintbus Program. 21 Ootober 1976, UNCLASSIFIED Repurt.
Wagnes, P, Bdgewood Arsonal, Demil Progioss Report, Omutbuz Program. 4 Februwsy 1977, UNCLASSIFIED Repont,




separation (0.5 ug/l) and by a GLC procedure (40 ug/i) with a detection limit of 4 ng. Recent
laboratory experiments involving gas liquid chromatography of VX extracts from chlorinolysis brines
indicated a considerable number of interferences and greatly reduced sensitivity.®

In the analysis of VX from HTH brines, problems have arisen involving poor extraction
recoveries, which have not been resuived, and sensitivities have been low (600 pg/l of brine).** Yet,
detailed procedures have been described for such analyses from dilute HTH solutions.36

2.5 2,2'-Dichloroethyl sulfide (D).

2.5.1 Selected physical properties. The solubility of 2,2"-dichloroethyl sulfide in wager is 0.1 gm/100 gm
and the boiling point is 215° to 217°C.1

2.5.2 Decontamination.

The two most widely used decontaminants for HD are 2-aminoethanol (monoethanolamine,
MEAR733 and aqueous calcium hypochlorite sluny.l The use of MEA has a number of decided
advantagest including: relatively high flash point, relatively noncorrosive to metal, inexpensive, relatively
stable, homogeneous reaction with HD, moderate heat of reaction, and volume ratio of only 5:1
sequired. The compound is sumewhat toxic (threshold limit value is 3 ppm).32 The reaction of HD
and MEA is given by the equation:

Cr
) +/ N\ o
(CICH,CHy);S + 2HOCHCHpNHy —o- HOCH;CHy ~N  § + HOCH,CRaNH3 ¢
{ . H i

The type of rouction represontad by the above eguation had rcelved attontion in the apen
litorature, %0 but quantitative studies of products’ Rinotics and thermochenisteyy wete not weported. A
decided advantage of theso systems is the sbsence of inorganic salis in the final disposition process,

The half fife of the reaction was reported a8 buing 11 minutes ai 57°C and 40 minutes ot
44°C. The heat of resction at S0°C was <0 keal/mote, which was the initial temperature at which the
decontamination was wsually carrded oul. Above this temperature, the heat of reaction increaeed
significantly and cooling was wquired with a 5:1 v/v ratie of MEA to HD; the adiabatic temperature

*Yurow, H. W., and vain, K. CSL apublished resudts. 1979,
** Wagrer, P, Bdgeweod Arsenal. Demil Progress Report, Omnibus Program. 2§ October 1976, UNCLASSIFIED Report.
Wagsur, P, Bdgewood Arsenal, Domil Progress Repoit, Omidbus Program. 4 February 1977, UNCLASSIFIBD Repost.

t Crumb, B. A., Hdgwood Amsngd: Disposition Form 1o Director of Manufastusing Technology, Detontamination of
Toxic War Gus Sets. 28 Mawh 1974, UNCLASSIFIED Disposition Fom,
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rises were frora 50°C (initial) to 113°C (final) and 65°C (initial) to 151°C (final).* With the MEA
method, residuzl amounts of HD from batches of 60 gallons of HD and 300 gallons of MEA were
<0.25 mg of HD/1.36

Studies have indicated that, for MEA with chloroform present (as in kit solutions and in
certain munitions fills, e.g., chloropicrin), a delayed, violently exothemic reaction sometimes occurred
in closed vessels,*® which required that the mixture be heated in an inert atmosphere at 100°C to
destroy the chloroform prior to storage. But as chloroform does not accomipany HD in munitions,
this treatment would not be necessary. '

The above-cited hazard of a slowly appearing exotherm, which nevertheless results in a
violent runaway reaction upon storage, is not an isolated instance in the history of stored materials
resulting from disposal operations. Detailed methods and apparatus are now. being developed for safely
eliminating the appearance of such unpleasant surprises.*! Analyses of various systems are performed
by computerconirolied adiabatic calorimetry with compuier data processing. Other approaches to the
problem have been the previous use of DTA (differential thermal analysis) and DSC (differential
scanning calorimetry), but the approach cited in the above reference develops rauch more complete
information for analysis, if an actual problem exists. Detection of the provlem should be adequataly
performed, however, by DTA or DSC or both. It is recommended in the present operations that such
studies be run on all stored detoxified materials prior to substantial use of the method or to transpor-
tation of the resulting mixiure of chemicals, Hidden exotherms in the gummy mixture from the
explosive containment operation and the subsequent decontamination operation would not escape
recognition,

Aqueous reactions of H or HI? are generally to be avoided because of the solution problems
and the heterogeneous nature of the roactions, This results in uncertainty as to completoness of
reactions and greater difficultios in controlling or moderating the reactions, Although bulk quaniities
of HD can bo decontaminated with aqueous bleach (such as HTH slumy), and an assumed stoichiomeatty
(worat case) may bo utilized for the reuotion, the actusl products may concain many poorly identified
materials whose toxicities have not boen assessed.#2 For example, among the products detected from
halogon reactions (usually in cazbon totrachloride) with sulfwr wustard ase the followiag:

CQCH = CH ~ 8 ~CH,CHA(

e
a a HyC _ S _CHy
H\c e | \é ;f
=¥ I s ""C 8] S
W C= Y
| CHy
w o v
GCHECHZS - Q0= CHG
Y '

* Cruntb, E. A, Bdgowood Arsensd. Dispatition Form 1o Director of Manufacturing Techuology. Decontamination of
Toxic War Gas Sets. 28 Mach 1974, UNCLASSIFIED Dispasition Fomn,
¥ Crumb, B, A, Bdgewoed Ancusl. Blsposition Pom to Dircctor of Manhfacturng Technology. Decontanination of
Toxic War Gus Sets. §8 Decosuber 1974, UNCLASSIFIED Disposition Foun.
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Cold halogenation of mustard has been shown*3 to produce an unstable adduct VII which decomposes
to give a mixture of products containing VIII and IX.

(CICH,CH,),-5® - x X
vII
. CH, = CCl— S~ CH,CH,Cl + CICH=CH-$~ CH,CH,Cl
VIII IX

Other reported compounds include the sulfoxide x:44

CICH,CHy = § - CHCI - CHyC!
0
X

Because no complete materiai balance on the reaction of HD mustard with various bleaches has been
achieved, the absence of the above producis cannot be assumed, even in aqucous solutions.

So-called “kinetics” of the reaction of bleach with mustard cannot be analytically interpreted
or applied oredictively on any basis other than an ad hoc situation identical to that reported, The
reasons are that the stoichiometry is indefinite, and the sequestial stoichiometres are unknowns. Thus,
it is impossible to choose a mathomatical modei for the reaction. A worst-case stolchiometry can be
asswmed for calculation of the ultimate capacity of bleach systems. That stoichiometry is as follows:

(CHyCHoQ)g8 + 7Ca(OTN; + 2Ca(OR)g ~te CaSO4 + 8CaCly *+ 4C0 + 6HyO

The use of squeous sodium hydroxide solutions for decontamination of HID has been
espoused;20 but, kinctically, thers s little basis for effectivenass at or neav ambient tomperatuses.
Furthermore, if hydrolyzed in water,®S derivatives of viny! sulfides are produced, ns well as ave syrupy
residucs containing vagious adducts and condensates (some of which aro sulfonium dervatives) of
mustard and “semi™nustard (hydroxyothyleidoroothyl sulfide), leading to a residue that can ondy be
pooily chasactenzed.

© 253 Analysis.

A techpique has been reportad® for the assay of HD in 2-aminosthanol. The solution was

~anixed with 10% aqueous sodivin chleride to facBitate oxtrsetion and was extracted with hexane,

J which was then injicted diroetly into 3 GLC sysiont 36 Amounts of HD down to 2.5 ppm ia the
analyticyl solution were eadily detenmined. A similar proceduse was used for the analysis of HD in

. meb EA, Ldg;wawl Arsenal. Dispesition Fom to Ditector of Manufasturing Technology. Detoction of Agents
7 ln Decontuiudrated Toxde Wer Gas Solutions, Undated. UNCLASSIFIED Disposition Fomn.
Ciauntd, B.A,, h&gewocd Arserigl. Disposition Fomm to Disector of Manufaciuring Technology. Stmplifizd Methods

of Amysis for H, HD, and HN-1 in Decontaminated Toxic War Gas Reaction Product Sulutions, 20 March 1975,
UNCLASSIFIED mmmm Fosm,
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bleach solutions with a sensitivity of 1 ppm HD in hexane.* Further detailed procedure., have been
described for analysis of dilute HTH brines containing HD.36

An interesting artifact substance occurring in mustard samples was found during a study of
pressurizing gases for DS-2 dispersers.** This substance was not readily separated from HD by GLC
and interfered with achievable sensitivity limits for analysis of the FID. Mass spectral evidence was
consistent with one of the following materials:

CHy=CH-S§-(CH2); ~S-CH=CH, CH3CHy—-S~CH=CH-S-CH=CH,
X : XII

)

This substance will therefore probably not survive the attack of oxidizing decontaminants and it poses
potential interference only in the case of alkaline (base) decontaminants suca as DS-2 and CD-1.

The DB-2 technique [4-(4'-11itmbenzyl)pyridine)47 has also proven ic be valuable for the
estimation of mustard in the hexane extract either by silica geldmpregnated glass fiber sheets or by
the M18 dotector kit bluv»band tube. Sonsitivities of KD in the MEA soluuan ware 2.5 ppm for
each of the methods. '

2.6 Nitrogen mustards: bis(2-chioroethyljothylamine (HN-1), bis(2-chloresthyhmethylaunine
(HN-2), and tds(2-chloroethyDaming (HN-3),

2.0.1 Selecied physical propesties.  The compound HN-1 hos a solubity of approximately

0.5 @n/100 gm of watey at wmbient tamperature,® it has a bolling peint o 85°C at 10 mm. and it
decomposes on boiling at atmospheric pressure, The agent HN-2 hay comparable solubility to HN-,
with a boiling polat of 75°C at 10 mm. The compound HN-3 is appreciably loss soluble than the
other two nitrogen musterds and it bmls al 138°C at 10 wmm’

2.6.2  Decomtamination.

The nitrogen mustards hydrolvze in water fo give tosic pmduct-s,”s so that basic solutions
are proferable Tor decontamination. The hydrolysis hali' Life of HN-l in dilute sodium hydroxide was

¥ Wagner, P., ﬁdgcw-&ad Anend. Disposition Form. Anslysis of HD in Agucous HTH Solutions (Omuibus Program).
U July 1973, UNCLASSIFIED Disposition Form,

** Daawch, L. W, Quartedy Progeess Roport. Rescanch Plan 3350, Toxic Agemt Destruction andfor Removal, Defense
Rescarch Branck, Chenical Laboratory, Edgewoud Assonsd (APG). 17 Soptember 1976, UNCLASSIFIED Ripost.
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described as being 12 minutes at 18°C; but, because of the limited solubilities of the nitrogen mustards
in this medium, a 2-amincethanol decontaminant was preferred, with the rcaction for HN-1 (and
presumably for HN-2) being given as:*

_CoH,Cl S\
C,HsNT + 3H,NCH,CH)OH —>CH3CHy~N  N—CH,CH,0H + 2HOCH,CHyNH,HCl
2Hs 2NCH,CHy 3CHy 2CHy 2CHNH,
~eH N/

The general reaction typified by the aforementioned process (amines with nitrogea mustards)
has been reported in the open literature. 4950 Kinetics have not been studied previously.

Kinetics for reaction of monoethanolamine (10 volumes of MEA in 1 volume of chloroform
solution) were obtained®** at 25°, 35°, and 45° with chloroform solntions contzining 10% {volume)
HN-1. The yield of N-ethyl-N'-hydroxyethy!piperazine (based on HN-1) was 99% +10%.

Table 2. Reaction of HN-1 with Monoethanolamine (I Volume of
10% HN-1 in Chloroform to 10 Volumes of Monoethanolamine)

| Temperature ko ty,
°c | minl min
25.1 ' 0.020 34.6
349 0.060 1.
A 4.9 0.137 5.1
e : ,

The thermochomisity of this reagtmn has not been studied, bui one xmght su.pmt Jmilanties to tho
reaction of MEA and HD (table A-l, appondgix).

There has besn no atu\iv of agusous oxidative methods of decontantination of the nitrogen

- mwusturds, excopt for some oxploratory work.d A stined chlovoform solution of HN-1 in the PRSENce

of agueeus chloring dioxide oxidanmt was shown to give a slow hoterogoncous yeaction. About 85% of

the chlorue dioxide was transfarred iaw the chlproform phase. 'l‘mz waction was nov further
charaotedzed,

. fkmu;»: Resoareh iir&uah, !dgcwmd Assenal, bispoaimm Fori. The Desentamination of HN'! ia Clilorofom in wn ,
Gas dentillcation Seis, 1974, UNCLASSIFIED Disposition Fom.

Crumb, B. &, Udgewood Amenal, Disposition Fomt to Dircetos of Mamufactusing Yechinology. Use of MBA a5
Decontaminant for Agents in Kits. 25 November 1974, UNCLASSIFIED Dispesition Form,

** Pisteitto, 1. V., Daviy, G. T, and Epstein, & Quarterly Frogress Report, Research Flan 3393, Decontamination of
Agesits in War Gas Ientificution Sets. Deofense Rescarch Ssanch, Chemics) Labosutory, Edgewood Aweaal (APG).
10 June 1974, UNCLASSIFIED Report.

T Sarer, B. W, Quartedy Progiess Report. Researrh Plan 3394, Dofense Research Division. Detasitanination of Agonts
in the War Gas {deatification Set, Dotonation, ANMIAL, #SN 1385-323-7782. 22 Juge 1972 QLCLAS&&&;_)
Report. :




The reaction of nitrogen mustards in water procevds in two steps through a substituted cyclic
aziridinium® ion.5! The first step to form the aziridinium ion is reasonably fast, but this ion is toxic3?
and relatively stable and it may be present for days or weeks in aqueous soiution, depending upon the
nature and concentration of nucleophiles present in solution.5!

Values have also been obtained tor the seawaver solvolysis** and disappearance of HN-1. In
seawater, the rate of approach to the equilibriumn concentration of aziridinium jon underwent apparent
increase, but the equilibrium conventration of aziridinium ion was depressed. The apparent half life of
HN-1 at 4.5°C was about 25 minutes. At 25°C and pH 7.88, the half life was about 1.5 minutes in
seawater. A half tinie of hydrolysis of all toxic materials from HN—I was calculated to be about
12.5 days at 5°C in seawarer.6 .

No study seems to have been made with HN-3 and 2-aminosthanol; but, as its general
chemistry is similar to that of other nitrogen mustards, it is assumed that HN-3 can be deactivated by
the reageni.

2.6.3 Analysis.

As with sulfur mustards, nitrogen mustards were determined by the DB-3 reaction. With the
use of DB-3 impregnated-glass filter paper tickets,} the hexane extract of the MEA solution gave a
positive test at 2.7 ppm of HN-! in the docontamination mixture. This reagent was also employed to
detoct HN-1, HN-2, and HN-3 at 100 pg on TLC plates coated with silica gel. ‘

A gas chiomatographic procedure?® (Crumb, E. A, 20 March 1975; see footnote) was
developed for the assay of HN-i in 2-aminoethanol solutions, which involved initial addition of 10%
aqueous sodivm chloride and extvaction with hexane, Amounts of agent down to 3 ppmi in Z-amino-
othunol were moeasured,

7 2-Chloravinyldichlutoarsine (lewisite, L)

221 “Belected physical properties. Lowisite is relatively insoluble in water. 0.05 gm/1060 BAY, .mxi it
has a boiling poiut of 190°C (reference I, puage 290).

272 Decontumination.

‘Aithough lewisite is- only slightly water soluble, it reacts sapidly and i3 hydrolyzed to the
- elatively toxic and fnsoluble 2-¢hlorovinyd arsine oXide {reference 1, page 291), Mere effective is
_aguious sodium hydroxide, whith gives the less objectionable, bot still toxic, sodium arsonite. Previous
disposal of amsenical products from wianitions involved bunal al wa.53

< 1t on 1s scmetines ealled the “oilylnelnunontum ion.”
** Davls, G T, Demek, 3 M, Serven, B W, and Michel, 8. Q. Quarterly Progress Report. Resetrch Pan 3391
Pofense Rewarh Division. Behavivr of Chewleal Agents Under Cenditions of Chemical Disposal Operations.
22 June 1972 UNCULASSIFIED Report.
t Crumd, B. A, Bdgewood Antengd. Dsposition Fosm to Dlesctor of Manufaeturing Technalogy. Stmplified Methods of
Analydds for #, HD, and HRN1 in Decontaminated Tonic War Gai Rw.txea Product Solutious, 20 March 1978,
UNCLASSIFIED Dispositlon Fonu
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Some reasonably comprehensive unpublished reviews of the literature-on lewisite were
accomplished in connection with “Decontamination of Agents in War Gas Identification Sets”* and
chemical disposa'l.6" As mentioned above, hydrolysis in water is rapid to produce a summy residue of
lewisite oxide, which is in various stages of polymerization (depending upon age). Rates or mechanisms
have not been studied. The thermochemistry has not been studied. The reaction with bleach is poorly
characterized (Sarver, Research Plan 3394; see footnote). Stored lewisite contains three substances:
lewisite I (L-1, 2~chlorovinyldichloroarsine), lewisite [T (L-{I, bis-2-chlorovinylchloroarsine), and arsenic
trichloride. Hydrolysis in seawater is instantaneous (reference 6). Vesicant action is retained in soil for long
periods o! time (lewisite oxide). Oxidation of the lewisite oxide to the pentavalent state markedly reduces
the toxicity. Because of the general toxicity of arsenic compounds (even in the pentavalent state), ultimate
disposal presents some problems. ‘

Reacticn of lewisite with monoethanolamine has received some detailed study.f The reaction
consists of a very fast process followed by a mwuch slower reaction. The fast process has been
characterized kinetically, thermochemically, and (partially) stoichiometrically.t+ The slow process involve
production of acetylene. The reactions are believed to be as follows:

CICH=CH—AsCly + HyNCH,CH,OH —==k; CICH=CH - As=NCH,CH,OH + 2HCI'MEA ==

N
2N
HyC As
HOCH,CH,N= As~NHCH;CHyOH + C,H, + HOMEA == | |+ MeA.
' HyC ——0

The first step has an Arrheniug activation energy (Ba) of 16.4 keal/mole and a
preexponontial (A) of 3.03 X 1010 second=!. The half life at 25°C is 24.4 scconds. Sensitive analyses
for residual lewisite in monoethanolamine huve offered some difficulties. Thermochemistiy of the
lewisite-MEA reaction was also stwdied. The heat of reaction (AH) was <41,0 keal/mole based on
lewisite, Products passed the Bopaitment of Transportation toxicity test for transportation (less than
class B poisous).

* Sarver, B, W, Quartedly Progress Report. Research Plan 3394, Defonse Reseatch Division. Decontamination of Agents
in War Gas ldentification Sets. p. 2, 10 June 1974, UNCLASSIFIED Report.

** Epstein, J., Rosenblatt, 13 H., Gullacto, A, and McTeague, W B Diaft Report to Commanding General, US Armiy
Munitions Comnand, ATIN: AMSMU-MS-CH, Dover, New Jeney. Subject Chemical Disposal Operations. Suminasy
‘Report an & Data Base far Predicting Consequenses of Chemical Dispusal Opesations. 2 Outober 1972,
UNCLASSIEIED Report, )

t Epsiedn, J., Eng, L., Pistatto, J. V., and Jonas, L. Status of Lewisite-Monosthanolamine Investigations. Lotter Ruport
from L. Eng, Pollotant Abatement Branch, Bnviromnentad Research Division, to Direstor of Manufacturing Techablogy,
ATIN: SARBAMT-B/Mr. J. Goheen. 24 Junvary 1977 UNCLASSIFIED Report.

Crumb, £ A, Bdgewoend Arsenal. Disposition Fonn to Direstor of Manufecturing Technology. Becontamination of
Donngge from the K941-2 and K9514 Toxic War Gas Sets. 18 March 1975, UNCLASSIFIED Disposition Fonm.
Tt The overall stoichiometsy proposed i 4 moles of MEBA per mole of lowisite.
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Much work has been reported on the reaction of lewisite with sodium hydroxide.* The
reaction of lewisite with aqueous sodium hydroxide results in the formation of flammable acetylene;
i.e.,

CICH=CH~AsCl, + 4NaOH~» NaAsO, + 3NaCl + CyH,t +2H;0

The decomposition was found to be essentially instantaneous (i.e., complete in <10 seconds) with a
heat of reaction of -102 kcal/mole. An 18% w/v aqueous sodium hydroxide solution containing
0.1% w/v of the surfactant hexadecyltrimethylammonium chloride and 0.2% w/v of the defoamer
2-pctanol was recommended for the disposal of 5% of lewisite in chloroform and the agent was
assumed to be comvletely destroyed in 15 minutes.

Lewisite is often accotnpanied by appreciable amounts (ca 10%-20%) of the vesicant L II,
[dichlorovinylchloroarsine (CICH =CH)9 — AsCl], which seems to decompose appreciably more slowly in
aqueous sodium hydroxide than does lewisite. While LIl in chloroform solutions of lewisite was found
to be more resistant than lewisite to aqueous sodium hydroxide, the product solution passed the
standard Department of Transportation test.

2.1.3 Anaizsis.

The rocommended assay of lewisite in aqueous sodium hydroxide was somewhat involved*®
and utilized the reaction of the acstylene produced from an aqueous copper (I} ammonia complex to
give a red copper (1) acetylide precipitate. The precipitate was deierinined either iodometrically
(sonsitivity of 1 ppm in decontamination solution) or colorimetrically by a copper (Ii) ammonia
complex (12 ppm).

Lowisite was also assayed by gas Hquid chromatog.m?h}" after oxtraction from the aqusous
phase by chlotoform, but the sensitivity was quite low at 760 ppm,

2.8 Phosgene (CG).

2.8.1 Selested physical properties. The boiling point of phosgene is 8.3°C. Although the solubility

of phosgone in water is relatively low, 0.03 gn/100 gm (refosence ), page 65), the compound rapidly
decomposes to give watersoluble or gaseous products.

2.8.2 Decontamingtion,

The most wseful mixtuse for the destruction of phosgone is aqueous sodiuni hyd:oxiﬁef
(reference 1, page 68)

* Defense Research Branch; Higweood Arsenal, Disposition Form. Decontemination of Lawisite in Chlorofoim
Contained in the K9514 War Gas Jdentification Sets. 1974, UNCLASSIFIED Disposition Form.
** Cromb, E. A, Bdgewood Awmenal. Dispusition Form to Director of Manufsctusing Techriology. Detection of Ageats in
Decontamipated Toxic War Gas Solutions. Undated. UNCLASSIFIED Dispasition Form.
t Crumb, &, A, Bdgewood Amsenal. Dispesition Foum to Director of Manufacturing Technology, Decontumination of
Phosgene in Wer Gas 1dentification Sets. 1§ June 1974, UNCLASSIFIED Dispesition Form.




The reaction of phosgene with water is also complete in less than 20 seconds. However, the
low solubility of phosgene in water leads to a requirement for agitation and difficult scrubbing.

Volatility of phosgene (b.p., 8.3°C) would argue for precooling, if a safe neutralization is to
be performed, whether by water or by aqueous base. Monoethanolamine was evaluated* as a decon-
taminant for neat phosgene and its destruction efficiency was found to be comparable to that for
aqueous sodium hydroxide.

Residues from the aqueous sodium hydroxide decontamination of phosgene were shown to
be nontoxic** and to pass the Department of Transportation test.

COCl, + 4NaOH=——> Na2yCO3 + 2NaCl + 2H,0

The second-order rate constant was given as 10* M sec! at 25°C, which indicated that, in 10%
aqueous sodium hydroxide, >99% of phosgene would be destroyed in 0.2 millisecond. The heat of reacticn
was calculated to be -101 kcal/mole. Because of the low boiling point of CG, it was recommended that the
reaction should be run at 0°C with several aqueous sodium hydroxide traps. One reference on the destruction
of CW munitionst reported that CG projectiles were pierced during winter under aqueous sodium and
calcium hydroxide in troughs connected to a trickling tower containing the same solution.

2.8.3 Analysis.

A direct method was reported§ for the estimation of CG in agueous sodium hydroxide,
which involved reaction with a mixture of phenyl-1-naphthylamine and p-~dimethylaminobenzaldehyde
to give a green color at 2.5 ppm or greater,

Soveral GLC procedurcs also have been described for phosgene4:55 with sensitivitics of the
order of 10 ppm in air. In addition, the DB-3 reaction56:57 has proven to be sensitive to <0.1 ppm
of phosgenc in ai.

2 Hydrocyanie acld {(AC).

281 Selected physical propertics, Hydrooyunic acid fhus a boiling point of 26°C aud it is com-

pletely miscible with water.! The anhydrous material is subject to explosive polymerization in the
prosence of bnses,ss but it is velatively stable when wmixed with small amounts of acids, such as
phosphoric. A jot of AC is casily iguited and it bumms with a blue flame.

*Cramb, E. A, Bdgowood Assenal. Disposition Form to Dircetor of Manufacturing Technology. Decontamination of
Dunnage from the K941-2 und K951-4 Toxie War Gas Sets. 18 March 1975, UNCLASSIFIED Disposition Form.

** Christensen, M. K., Physlotoxicalogy Branch, Toxlcology Division, Biomedical Laboratory. Disposition Farm to
Ch}cf, Decontamination Research Scction, Defense Branch, Chemical Laboratory. Bioassay of Residues from
HD/MEA and CG/NOH Decontamination Trials. 19 Fobruary 1974, UNCLASSIFIED Disposition Fom.

T Crumb, E. A. Bdgewood Arsenal. Disposition Ferm to Director of Manvfacturing Technology, Decontamination of
Phosgene in War Gas Identification Sets. 11 June 1974, UNCLASSIFIED Disposition Fonn.

Tt Sawver, B W. Quarterly Progrets Reépurt. Research Plan 3394, Defense Research Division. Decontamination of Agouls

in War Gas Identiflcation Sets. p. 2. 10 June 1974, UNCLASSIFIED Repent,

§§‘mmb, B. A, Bdgewood Arsenal. Disposition Form to Disector of Manofacturing Technology. Detection of Agents
in Decontuminated Toxic War Gus Solutions. Undated. UNCLASSIFIED Dispusition Fonm.




29.2 Decontamination. The method of choice for the destruction of AC involves oxidation by
hypochlorite in basic solution (reference 58, page 31 6),59" according to the following equations:

2HCN + 5NaOCl + 4NaOH—+ N, + :NayCO3 + 5NaCl + 3H,0

4HCN + 5Ca(OCl)y + 8NaOH——s 2N, + 4CaCO3 + 8NaCl +G6H,0 + CaCl,

Other workers60 have reported that cyanogen chloride is an intermediate in the hypochlorite attack of
cyanide ion. The cyanogen chloride then hydrolyzes through isocyanate ion to ammonia (then degraded
to nitrogen) and carbonate ion. The latter reaction is relatively slow. The reaction may thus be con-
sidered to consist of two steps (the first passing through CNCI):

) NaCN + NaOCl === NaQCN + NaCl
Q) 2NaOCN + 3NaOCl + 2HCl —=»-5NaCl + 2C0, + H,0 + Ny or
(2a) 2NaOCN + 3NaOCl + HoO weee- 2NaHCO3 + 3NaCl + Ny

The second-order rate constant for the reaction was reported to be 2,67 X 10 Ml sec‘l, the half life
was given by the equation ty, sec = 2.60 X 1072 (OCI7), and the heat of reaction was estimated to be
<215 kcal/mole. The reaction was claimed to give >99.99% destruction of AC. Although no meas-
urements were made of the hypochlorite solution, use of a starch-iodine indicator scrubber showed
that less than 0.002% of AC or of cyanogen chloride formed from AC and hypochlorite had cscaped
from the system, In the laboratory setup employed (see footnote), nitrogen gas was used to slowly

transfor the AC to the decontamination solution. On a larger scale, as envisioned for the ECS, problems
may arise bocause of:

a.  The high hoat of reaction.

b. The lvw decontaminating capacity of 5% aquoous sodiws hypochlorite,
. The precipitation of calvium varbonaie whan HTH is used.

d.  Evelution of a large volume of nitrogen gas.

¢.  The posaibility of oxplosive ;mlymanz.n ‘on unless the AC is initially
dilutcd with water.,

29.3  Analysis. Sonsitive meilteds are avaitable for cyanide fon%8 including o specific ion
clectrade® with a limit of 100 M. A test paper sonsitive to 10 ppm of hydrogen cyandde in air and
niot subject to chlorine interference contains p-nitrobenzaldehyde and potassivim carbonate. (Sce footnote.)
“The pyrazolone spoctrophotometric method, which avolves preininaty conversion of cyanide 1o cyanogen
chioride, can measure down to D.02 pe/mi of cvanide® and is widely used.

S Eng, L Physical Research Division, Edgewood Arscaal. Disposition Fom, The Demilitarization of HCN (AC).
3 May 1974, UNCLASSIFIED Disposition Fowm.
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2.10 Cyanogen chloride (CK).

2.10.1  Selected physical properties.

The boiling point of cyanogen chloride (CK) is 13.8°C and the solubility in water is
approximately 6 gm/100 gm with hydrolysis.63

CNCl + 3NaOH ==+NaCl + N32CO3 + NH3

The second-order rate constant for the reaction was reported as 6 X 102 M~} min! and the half life® was
given by the equation 4y, = 69.3 ms/OH™). It was recommended that the decontamination be run at 0°C as
the reaction was found to be highly exothermic. As measured with a starch-iodine bubbler mixture,
with a limit of 45 g of cyanogen chloride, destruction of agent was of the order of 99.9996%.

Other workers%4 reported the hydrolysis rate constant to be 1.55 X 10 min! + 272 (OH™) min-!,
Isocyanate (OCN™) is implicated as an intermediate.

The experimental setup was similar to that for AC, but acld scrubbers were used to trap the
ammonia evolved. The caveats mentioned for AC decontamination apply also to that for cyanogen
chloride. '

2102 Analysis,

The standasd spectrophotometsic meshod reparted for the analysis of cyanogen c¢hloride was
simitiy to the pyrozolone proceduse for cyanids iond? except that no initial chlovination was required.
The strongly basic decontaminant solution was noutialized with dilute hydrochlorie acid and regcted
with a ragent confaiiing Nepheny L Jmethvipyrazolone in dplcoling to give a blue color with a
sonsitivity of 5 ppm of cyanogen chiloride,** . S

a4 Chloropierin {PS).

2.1 _::w!r:g_teqptxysi_ga; propertics.  Tie solubility in water of chiosopicdn! is 0.2 sm/100 gm and
i bailirg soint 5 112°C, :

* Cumbd, A, Edgewood Arsenal. Blsposition Form to Director of Mrrwfictueng Tecnnuiozy. Decontamination of
Toxle War Gas Seis. 25 November 1974, UNCLASSIFIED Disposition Form,
*® Crumb, E. A, Edgewood Amunal. Disposition Ferm to Director of Manufsctudng Technology. Detestion of Ageats
in Decontambnated Toxic War Gas Solutisns, Undated. UNCLASSIFED Bisposition Fom.




2.11.2  Decontamination.

The two systems that appear to be the most uscful for the decontamination of bulk amounts
of chloropicrin are alcoholic sodium hydroxide!»3 and 2-aminoethanol.® The reaction for the former
is:

CCl3 NOy + SNaOH ——3NaCl + NaNO, + NaHCO3 + 2H,0;

whereas, that for the latter has not been elucidated, although a psevdo-first-order rate constant of
7.47 X 102 min-! at 34°C was obtained and a heat of reaction of -160 kcal/mole was calculated.
At 50°C, the time required for destruction of >99% of chloropicrin was estimated to be less than
30 minutes.

The destruction of chloropicrin in munitions by alcoholic sadium hydroxide was rapid and
was accompanied by a violent reaction that rcquired that the decontamination vats be covered.>3
Substitution of 2-methoxyethangl with its higher boiling point for the ethanol3C might result in a
more easily controlled reaction, but the kinetics and the heai rse would have to bs determined.

As mentioned previously,*® one potential hazard of the 2-aminocthanol system is that a
delayed violent reaction can take place in the presence of chloroform in a closed system. Thercfore,
for such chloropicrin fills as the CNS mixture with chloroacetophenons and chloroform, it is
recommended that the chloroforn be destroyed prior to storage by heating at 100°C in an inert
atmasphere.

2403 Analysis,

Because of the relatively low solubility of chlovepicrin in water, it could be wadily extracted
by solvents such as chlovoform fronr the Z-amincethanol solution after didution with water. Extraction
cfficloncies weore found to be 9U%. Analysis of the extract by Gt 8% detected down to § ppm of
chiforapierin in the decontamination solution. The majonty of colorimatne methads for chlorapicdn
are based upon cleavage in bwic solution to give the nitiite andon, followed by a diaze coupling
reaction, In one pmeédumﬁfi the coupling involved sulfanilic acld and R« Bnaphthyljsthyloncdiamine,
with a detection of 3 mpim? in air. _

Anotlier {¥pe of color weaction invelved the condensation of ciloropieria with pysdine to
give glutaconic dialdehyde, 57 with & reported sunsitivity of 0.02 ugimi,

* Cmsﬁb, T {chmsad Arsens). Disposition Form fo Diesctor of Manufatluring Yechnology. Bevontamination of
PS in the K9563-4 War Gus Wentification Seis. 20 Mucch 1975, UNCLASSIFED Disposivton Fornm.
Befense Resewrch Branch, Edgewood Aneng. Disposition Forn. Decontamination of Chlosoplorin (PS) in War Gas
Identiflcation Sets. 1975, UNCLASSIFIED Disposition Form.

** Crumb, B, A, Bdgewood Armensl. Disposition Form to Director of Manufactusing Techuology. Decontaminaiion of
Togke War Gas Sots. 18 Decomber 1974, UNCLASSIFIED Ditposition Porm,

t Crumb, B A, Bdgewood Arsenal. Bispusition Foimny to Directer of Manufacturing Technelogy. Detection of Agsats
in Decontuninated Toxke Wir Gas Solutions. Undated. UNCLASSIFIED Disposition Form.




2.12 2-Bromobenzyl cyanide (BBC, formerly CA).

2.12.1  Sclected physical progerties. 2-Bromobenzyl cyanide is stated to be insoluble or slightly

soluble in water.! The boiling peint is 242°C with decomposition. 2-Bromobenzyl cyanide is y,_ 4&
in storage except in glass.

2.12.2  Decontamination. Alcololic sodium hydroxide!»2:68 has been mentioned in several publications
for the destruction of 2-bromobeizy: cyanide although no values for rates or for heats of reaction
have been given. If the solution is partiy aqueous, then the reaction is presumably:

CgHsCHBICN + 2NaOH + HyO~—» CgHsCHOHCOONa + NaBr + NHj

whereas, if the alcohol is anhydrous, #zen one of the products formed is diphenylmaleic anhydride

Q
7
CH¢ = C—C
615"
I )
C6H5-C--C\0

o

It was observed* that when 2-aminoethanol and 2-bromobenzyl cyanide were mixed, a considerabie
amount of heat was iven off, indicafimg that a reaction had occurred. This suggests that Z-aminoethanol
is a potentially useful decontaminant for 2-bromobenzyl cyanide. However, because more is known
about the alcoholic sodiun hydroxide system, it remains the one of choice, with the possible
substitution of 2-methcxyethanol30 for the ethanol.

2.12.3  Analysis,

Both colodmetric and GLC methods are available for estimation of trace amounts of
2-bromobenzyl cyanide. The DB-3 method, which is a general one for alkylating agents, is cwpable of
determining amounts of 0.25 ug/ml of the compy  : whereas, the GLC technique$® has a detection
level of <3 ng, both from sthanolic solutivn. & 2-brorzobenzyl cyanide is relatively aoluble in water, it

should be possible (as it is for chloropicrin) to dilute the decontamination solyi 1 with water or with
aqueous sodium chloride, followed by ectraction with a solve® Such gs chlorotorm, to tecover intact
agent.

In addition to the above methos, it should be possile to check the efficiency of dest™Won
of 2-bromobenzyl cyanide by a reported TLC technique employing a DB-3 spray capable of wegesting
25 ug of the compound in an aqueous or ar organic solvent.

2.13 Miscellaneous agents. In additi . to the aforemen?’ 4 Uquid agents, which are the ores
most likely to be present as unknowns it unmarked munitia, number of other compounds,i-3
although much less likely to be encountered, should be menticred.

* Yurow, H.W., Chemical Systems Laboratory. Unpublished wesults. 13 June 1980.




2.13.1°  Arsenicals. There are a number of lesser known arsenib-contairﬂng agents ‘related to lewisite.!
They are all relatively insoluble in water (ca 0.1 gm/100 gm), but they can be readily decontaminated,
as is lewisite by aqueous sodium hydroxide; e.g.,

CH3AsCly + 2NaOH —CHsAsO + 2NaCl + H,0

Included are methy! dichloroarsine (MD, CH3AsCl,) — boiling point, 132-133°; ethyl dichleroarsine
(ED, CoHsAsCly) — boiling point, 156°C; pheny! dichloroarsine (PD, CgHs5AsCly) — bailing point,
255-257°C; and diphenylchloroarsine [DA, (CgH5)9AsCl] — boiling noint, 333°C.

2.13.2  Diphosgene (DP). {\lso known as trichloromethyl chloroformate (CICO0CCl,), the compound

is relatively insoluble in water and boils at 128°C. It is readily decomposed by aqueous sodium
hydroxide, CICOOCl3 + 8NaOH~=—+4NaCl + 2Na,CO3 + 4H,0. Diphosgene can be detected by all
of the procedures used for phosgene.

2.13.3  Smoke agents.2 The two most common liquid ones are chlorosulfonic acid {FS, CiSO3H) and
titanium tetrachlozide (FM, TiCly). Both cen be decontaminated by treatment with water followed by
neutralization of the acid with aqueous sodium hydroxide.

2.13.4  HL mixtyre. For this combination munition fill (lewisite and mustard), the rece:nmended
decontaminant would be 2-aminocthanol (see reference 2). ' ~

3. BEST CHOICE DECONTAMINANT FOR UNKNOWN FILLS
Two prepertizs of CW agents are of primary ixaportance in their decontamination:
(@) They are almost invariably clectrophilic compounds.

{b) Many of them have cnly slight solubility in water. Therefote, the best goneral reagent

~ for their desiruction should be a strong nucleophilo and a good goneral solvent for organic compounds,
One decontaminant that seems to'be effective for a wide variety of agents is 2qminosthonol,* which
has been previously described in this vepost, Taking account of the side sexcvon viih chioroform, it
_is generaily sugerior to bleach slumes or to sodium hydroxide in water or in various solvent milxturse,
“MWSich are the other two widely used multisgent decontaminants,

incineration is also an excellent choice as a multiogent detoxification mothod and efficiencies
wardt boon toported for a number of agents.™0

4. RECOMMENDED DECONTAMINANTS FOR VARIOUS AGENTS IN THE ECS SYSTEM

Bused upon data deseribed previoualy i ¢his report, the following decontaminants have been
recomuiended for the agenis of interosi:

(@ GA.

Aqusous sodium hydroxide is recommended ualess slumsinum is present; then aqueous sodium
carbonaie is preferred to avold formation of hydrogen. The cyanide produced can be dostroyed, i necessary,

¥ Crumo, E. A, !*‘dgéweod Arsenal, Bisposition Forn to Director of Manufactudug Technology, Use of MEA a3
Decontamdnant {or Ageats in Kits. 25 November 1974, UNCLASSIFIED Disposition Fosm.
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by subsequent treatment with aqueous calcium hypochlorite. Heat evolution should not present a
problem as the AH is relatively low.

®) GB.

Aqueous sodium hydroxide is recommended. The comments for GA regarding aluminum and
heai evolution aiso apply for GB, as well as for GD below.

©) GD.

Sodium hydroxide in a mixture of water and 2-methoxyethano! is the decontaminant of
choice. The organic solvent is needed to give homogeneity.

@ VX

At present, no system can be recommended for ECS. However, aqueous calcium hypochlorite
or Fichlor would be suitable with strong agitation if a reliable analytical method were to be developed.
Fichlor is expected to react in a similar manner to that of HTH. The analysis of residual VX in
dilute HTH brine is described in reference 36. Addltional effort would be required to onsure that the
mezhod vigorously meets requirements.

() HD.
If temperature can be reasonably closely controlled in the ECS system, then 2-amincethanol
is the preferred reagoent, as the toaction is homogencous, If not, then calcium hypochlorite is suggasted

with the roquiroments of strong agitation and ropresentative sampling,

(f) HN-1, HN-2, HN-3,

At psesont, no system can be recommended. However, the uso of 2-amdnosthanol @W&S o
b promising, pending 8 study of the thonmochemistty of the seastion.

() L

The suguested decontaminant is 2-amincethanol, Coution should be exercised, as aceiylene ‘
is formed.

{h) CG.

Aqueous sodium hydroxide is the reagent of choice, Because of i low boiling point of
phosgene, provisions for cooling may be required.

@) AC

Agqucous caleium hypochlorite is reconended, following an initial dilution with water, to
- avold explosive polymcrization,

3!
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o &

Aqueous sodium hydroxide and strong cooling are recommended for ﬁus compound.
(k) PS.

Because of insufficient data, no decontaminant can be recommended. However, the most
promising appears to be sodium hydroxide in a water and 2-methoxyethanol mixture.

® BBC.

As with chloropicrin, insufficient data prevent a selectidn, but sodium hydroxide in aqueous
2-methoxyethanol shows promise.
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Table A-2. Rates, Gravimetric Ratios, and Capacities for Disposal Reactions

Active ingredient Decontaminant ;
Agent Decontaminant Tempersture Half life m:rttilziﬂc capacity

GA . Water (pH 9.5) 25°C 35 Minutes - -

GA Seawater 25°C 175 Minutes ~ -

GB 10% Sodium casbonate 25°C 8.5 Seconds 1.51 | 0.066

GB Seawater 25°C 8Houn - :' -

GB Sal 15°C 2.5:24 Hours - i -

GB Water (pH 10) 25°C | ~4Minutes - -

GB 5% Sodium hydraxida 25°C <0.8 Sceond 0.571 0.0875

GB DS2 25°C Instantancous Not established

GB 5% Bleach (atkaling) . 25°C Instantancous ~1,06 ~0.047

VX Bleach slurry (10% HTH) 25°C ~70 Scconds ~4.83 0.0207

vX Acldic bleach (pH 4) 25°C 1.2 Minutes 0.798 (Clz) Coaceatation depondeat
VX Water (pHi 14) 25%¢ 1.3 Minutes - -

vX Seawates 25°C ~Yean - -

VX Sol - ~) Day - -

(95% {n 10 days) |

123 ‘ D&-2 25%C Seconds ~0.300 0.06'}

#, 1o Monosthanctamine (5:1) 5% 16 Misites Lis0 ~32at 55

HNY Seawster (pHl 1.88) LY 1.5 Minuta - -

N Dlute sdium hydooxide 18°%C 12 Kbtes - -

oy Moocthndlaie | 28 35 Mlaies 18% ~0ausi

{~30% chluofonn)
L Water 1% Very funt '
(tazks produste) - -

L Seavates B¢ tastantine o - -

L Monocthaaolainlae (MEA) B¢ 24 Seconds Lité O2at 5

L % Aquetus sadiva LN tnatuitenco 0964 0052(5%)

hydeoxide

CG {phaotgeac) Watee B <20 Seconds - -

€6 {phasgens) 10 Sudlum biydsoalde % WC | <O illiscconds 1623 0.0616

AC (ydeocyuai: {10% HTH) Alkaiine 1% 3—%}.‘;} Seoads | 1782 Q008

acid) hyposhlodic ol
- V 9.2 :

CK (cyanogra chloide) | Aqucous iudivmbydiunide]  25°C (i i 195 .}.‘ ;&5& ’

S {cllornpicring Moaocthanolunine (MEAY W ~10Milheconds - -

PS (el acopleda) 10% NaOH - - 1.6 0.0432

* Ratio of actbve togredient wqulred to sgent Mwed.
* Granas of ageat destroyed per gika of full decontamiastion foonulation
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Table A-3. Reaction Equations Used for Calcuiations in Table 2

0o

I
GB + 2Na;CO3 + HyO—s- NaOPCH5 + NaF + 2NaHCO3

CH
-~ 3
OcHT oy

I
I
. GB + 2NaOH wme-NaOPCH3 + NaF + H50

_ CHy
OCHI CHj

I
GB + 2NaOCl + H,0—+ NaOPCH; + NaF + 2HCI

P CH3

ocH gy

0
il ‘

VX + 6CH(OC7 4H;0 ~ue-Cly =P 0" (1/2Ca%™*) + HN (iC3Hig)y +
0CM;

CaS04 + 2C0, + 4.5CaCly + IHOT + 24H;0

)
l
VX + 3Ch + dHaOwes CHyP~OH + HSO3CHLCHyN(iPr)y + 6HTI
i .
OCaHg

Q

VX + INGOH s CH3P = ONa ‘msct-izcstznf“: + HyO
|

i
SUH

CNCT + 3NGOH e NaCl + NuaC03 * Niig
CCINO, + SNAOH = INGCE + NaNOy + NaH(O3 + 240

JHCN + Ca(0CydHy0wmmNy + 4Ca003 + SCalla + 42450 + BHOU

Nate: In sdue of these mmhﬁ;s, hypochlosite was assuned to buffer the teaction in the absence of other
added bages,
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